Introduction {#Sec1}
============

The several benefits of breastfeeding for women's and children's health as well as short- and long-term economic and environmental benefits to the nation \[[@CR1]\] are recognized, and cover populations living in high-, middle- and low-income countries \[[@CR2]\]. They apply to both healthy and high-risk children \[[@CR3], [@CR4]\]. Despite the available evidence, overall breastfeeding rates remain well below international goals, of at least 50% by 2025 \[[@CR1], [@CR5], [@CR6]\].

Globally, breastfeeding rates remain lower than the required to protect the health of women and children. Only 41% of infants under six months of age are exclusively breastfed, and this practice is prevalent (higher than 50%) in only 43 out of 194 countries, always in low or middle-income countries \[[@CR7]\]. In Brazil, with approximately 210 million inhabitants and about 2.9 million births per year \[[@CR8], [@CR9]\], the last breastfeeding survey, conducted 10 years ago, found a 41% prevalence of exclusive breastfeeding (EBF) among infants under six months of life \[[@CR10]\]. Since then, no other research with this scope has been conducted.

Few longitudinal evaluations were identified in a recent systematic review of Brazilian publications on breastfeeding-associated factors \[[@CR11]\]. Out of the seven cohorts, five followed children up to the sixth month, and from these, only one cohort had a population higher than 1000 children \[[@CR12]\] at baseline; in four cohorts, newborns who were twins, with congenital malformations, low birth weight or hospitalized in a Neonatal Intensive Care Unit (NICU) were excluded. Out of the identified cohorts, none was geared to high-risk hospitals.

The term 'at-risk newborns' refers to those exposed to situations with a greater risk of unfavorable development, as they demand special and priority attention \[[@CR13]\].

Despite the generally and specifically recognized benefits of breastfeeding and the use of human milk for at-risk infants \[[@CR14]--[@CR18]\], preterm newborns \[[@CR19]\] with low birth weight \[[@CR5]\], syndrome or with congenital malformations \[[@CR20]\] are often not breastfed to the same extent as healthy infants. This subgroup is usually excluded in other published studies, and few longitudinal studies seek to identify and analyze the determinants that influence breastfeeding patterns in at-risk infants.

Consistent evidence indicates that breastfeeding practices are affected by several historical, socioeconomic, cultural and individual factors \[[@CR5]\]. In health systems and services, health professionals at all levels influence and support the establishment and maintenance of exclusive and continuous breastfeeding \[[@CR5]\]. In a hospital environment, the "Brazilian Human Milk Bank Network", the "Baby-Friendly Hospital Initiative" (BFHI) and the "Kangaroo Method" components combine and enhance actions to foster the Brazilian policy of promoting, protecting and supporting breastfeeding at this level of care \[[@CR21]\]. Previous studies indicated that high-risk infants admitted to the ICU are more likely to benefit from hospital breastfeeding policies implemented through these hospital strategies \[[@CR22]--[@CR25]\].

The Human Milk Bank (HMB) Network provides human milk safely for at-risk newborns, providing clinical assistance in breastfeeding \[[@CR21]\]. The Baby-Friendly Hospital Initiative is based on adherence to the Ten Steps to Successful Breastfeeding and has a positive impact on short-, medium- and long-term breastfeeding outcomes \[[@CR26]\], and the Kangaroo Method stimulates BF in low birth weight newborns in the maternity ward and in the follow-up after hospital discharge \[[@CR21]\].

By knowing the prevalence of breastfeeding for at-risk infants and the relationship of variables related to hospital practice and breastfeeding at discharge, it will be possible to design strategies and actions to improve this outcome.

This study aims to investigate the prevalence and patterns of breastfeeding at discharge and in the first six months of life in a high-risk fetal, neonatal and child referral center.

Methods/design {#Sec2}
==============

A prospective cohort study on breastfeeding practices was carried out with all children born or transferred to the Fernandes Figueira National Institute for Women, Children and Adolescent Health (IFF), Oswaldo Cruz Foundation (FIOCRUZ), within seven days of delivery, from March 2017 to April 2018. The follow-up period ended in October 2018.

The IFF/FIOCRUZ receives newborns and children from all over Brazil, since it is a referral institution for high-risk cases that aims to provide care, education, and research. The IFF/FIOCRUZ, which has been accredited as a Baby-Friendly Hospital since 1999, is equipped with 40 beds for low-complexity neonatal care, and intermediate, intensive and surgical care; it hosts around 1000 deliveries yearly. The IFF/FIOCRUZ is equipped with a Human Milk Bank, and it is a National Referral Center for the Brazilian Network of Human Milk Banks and a Global Referral Center for 23 cooperating countries.

The study collected follow-up data specifically for this cohort rather than just from routine data sources. Out of the 1200 eligible ones, 197 newborns (16.4%) were excluded for the following reasons: (i) mothers had contra-indications for breastfeeding due to conditions of human immunodeficiency virus (HIV) and human T-cell lymphotropic virus (HTLV); (ii) newborns had anencephaly; (iii) newborns had congenital pathology incompatible with life, regarding which the medical team pointed out that it was impossible to provide an oral diet at any stage of life; (iv) indication of gastrostomy in the first week of life; (v) foreign-language speaking mothers, i.e., those who did not understand Portuguese (vi); failing to meet the research assistant, (vii); neonatal death within the first five days of life; (viii) nursing mothers who refused to participate in the study.

The data collection team invited newborns and their volunteer mothers within three days of the birth of the newborn. Out of the 1200 infants born or transferred to our referral center, 154 participants were excluded due to non-eligibility, 30 failed to meet the research assistant and other 13 participants declined the request to take part in the study. The final number of participants included in the study was 1003. The mothers who took part in the study completed the written informed consent and responded to a preliminary interview at the hospital. For participating mothers under the age 18, a parent or guardian provided consent on their behalf. The total number of patients who lost to follow-up within the six months of the original study was 75 mothers (7.5%).

This is a three-phase study. The first phase was performed in the maternity ward through individual interviews, and data was extracted from hospital records during the period of hospitalization after birth, regardless of the length of hospital stay, with collection of hospitalization data (with feeding records in this period), also to obtain sociodemographic characteristics and data related to prenatal care, delivery, women, children and breastfeeding.

In the second phase, mothers were interviewed at the first visit after hospital discharge at the HMB or neonatology follow-up clinic or neurosurgery outpatient clinic (that occurs within 10--15 days of discharge). Telephone interviews were conducted monthly in the last phase until the sixth month of the child's life. Up to ten telephone contact attempts were made each month to minimize follow-up losses.

A control and quality assurance process was established in data collection and application of research instrument in order to ensure the quality desired for the study results. It was based on data from the literature, as well as professional expertise; training and certification of the data collection team (one pediatrician, two neonatologists, two nursing residents and six nursing students); pretesting of the instruments; a pilot study during the first month; collection with data entry directly in the web application developed for this research accessed on a mobile device or computer with internet access (validation and data analysis, with generation of automatic tabulation, errors and missing reports).

The exposure variables from the hospitalization to the sixth months of life of the child were sorted out into four groups, which is more detailed in an additional file (see Additional file [1](#MOESM1){ref-type="media"} in the online appendix).

For this paper, we performed a three-stage exploratory analysis on hospital discharge. The first included frequencies of baseline characteristics and stratified by risk of newborn. Out of the categories of at-risk newborns of the American Academy of Pediatrics \[[@CR13]\], we selected five categories for this study, namely: preterm, low birth weight, surgical anomalies, genetic syndrome or those who required clinical support in the NICU. In this study, potential risk was defined as the existence of at least one gestational morbidity \[[@CR27]\]. The definition of potential risk entails the possibility of having a health problem, without necessarily indicating the disease and its probability of occurrence \[[@CR28]\].

In the second stage, the joint relationships between factors related to hospital practice and outcome were explored. The variables related to exclusive breastfeeding practices and to hospital practices were selected, and they were defined as: (i) skin-to-skin contact in the first hour of life; (ii) guidance on breastfeeding during prenatal care; (iii) use of a pacifier; and (iv) rooming in (mother and infant remain together 24 h per day). These practices correspond to four steps of the BFHI \[[@CR29]\].

The multiple correspondence analysis (MCA) was used to explore joint relationships. MCA is a descriptive dimensionality reduction technique that employs categorical variables. The method used to calculate the inertia was the Burt matrix \[[@CR30]\]. The explanatory power of the variability provided ranges from 0 to 100% and the greater the variability, the greater the explanatory power. The number of dimensions generated in the MCA was chosen by the elbow of the graph observed in the scree plot of inertias.

The positions of the categories of each variable in the multidimensional plane can be used to determine groups with similar patterns through graphical representation. Two supplementary variables related to the child and the mother were used for a better understanding of the observed groups: maternal education and risk of the newborn. Then, a hierarchical cluster analysis was performed from the coordinates obtained in the MCA to confirm the verified groups by proximity in the visual inspection.

The R Foundation for Statistical Computing version 3.5.2 was used to analyze data. The *ca* library \[[@CR30]\] was employed for this technique, and the *ggplot2* library \[[@CR31]\] was used to obtain the MCA graph. The *factoextra* library \[[@CR32]\] was used for the dendrogram. This study has been approved by the Ethics Committees at IFF/FIOCRUZ, Brazil (Protocol Number: 1.930.996--2017).

Results {#Sec3}
=======

A total of 1003 participants was selected for this study. Figure [1](#Fig1){ref-type="fig"} illustrates the flowchart of the selection process of participants for this study. Concerning maternal factors, mothers had a mean age of 27.4 (SD = 6.97); nearly all mothers expressed that they had intended to exclusively breastfeed. Almost half of the households earned less than 2 minimum wages and most women had complete secondary school or incomplete higher education. The main characteristics of the participants in the study were classified per clusters: factors related to mother, child, health service and breastfeeding, as shown in Table [1](#Tab1){ref-type="table"}. Fig. 1Flowchart of participant selection. FIOCRUZ: Oswaldo Cruz Foundation. HIV: Human Immunodeficiency Virus. HTLV: Human T-cell Lymphotropic Virus. IFF: Fernandes Figueira National Institute for Women, Children and Adolescent HealthTable 1Baseline characteristics of the 1003 child participants, Rio de Janeiro, Brazil, 2018Characteristicsn%95% CI**Child-related factorsSex** Female48348.245.0--51.3 Male52051.848.6--54.9**Multiple gestation** No85485.182.7--87.2 Yes14914.912.7--17.2**Gestational age** Higher or equal to 37 weeks77777.574.7--80.0 Less than 37 weeks22622.519.9--25.2**Birth weight** Higher than 2500 g80680.477.7--82.7 Between 1500 g and 2500 g15815.813.5--18.1 Lower than 1500 g393.92.7--5.2**Surgical morbidity**^a^ No87387.084.8--89.0 Yes13013.010.9--15.1**Perinatal morbidity**^b^ No58958.755.6--61.7 Yes41441.338.2--44.3**Genetic syndrome** No99298.998.0--99.4 Yes111.10.5--1.9**Mother-related factorsMaternal schooling** Illiterate / Incomplete elementary school11211.29.2--13.2 Complete elementary school / Incomplete secondary school27127.124.2--29.8 Complete secondary School / Incomplete higher education52352.348.9--55.2 Complete higher education949.47.6--11.3**ParityPrimiparous**50450.647.1--53.3**Multiparous**49349.446.0--52.2**Number of prenatal care visits**  [\>]{.ul} 6 visits89389.486.9--90.9  \< 6 visits10610.68.7--12.6**Tobacco use during pregnancy** No91491.889.1--92.9 Yes828.26.5--10.0**Morbidity during pregnancy** No51851.648.4--54.7 Yes48548.445.2--51.5**Household income** More than 2 MWs49860.546.5--52.7 Less than 2 MWs32539.529.5--35.4**Mothers working outside the home** No54554.851.1--57.4 Yes44945.241.6--47.9**Mothers that study** No87988.185.4--89.6 Yes11911.99.9--14.0**Maternity leave**^c^ Yes44544.641.2--47.5 No55355.451.9--58.2**Return to work** Six months or more565.64.2\--7.1 Between four and five months26726.723.9--29.4 Less than four months939.37.5--11.2 Unemployed51251.247.9--54.1 Did not answer727.25.6--8.9**Living with a partner** No17417.415.0--19.8 Yes82582.679.7--84.5**Breastfeeding desire after birth** Extreme desire to breastfeed93293.091.1--94.4 Sometimes prefers a bottle with formula222.21.3--3.3 Breastfeeding desire varies383.82.6--5.1 Always believes that a bottle with formula is better101.00.4--1.8**Health service-related factorsSkin-to-skin contact in the delivery room** Yes46446.543.1--49.4 No53353.549.9--56.2**Place of hospitalization of newborn** Rooming-in67467.364.1--70.1 Neosurgical Intensive Care Unit555.54.1--7.0 Neonatal Intensive Care Unit27327.224.4--30.0**Received orientation on breastfeeding in prenatal care** Yes71871.868.6--74.3 No28228.225.3--31.0**Delivery type** Transpelvian41541.438.3--44.4 Cesarean58858.655.5--61.9**BreastfeedingFeeding at hospital discharge** Exclusive breastfeeding63965.262.1--68.2 Supplemented breastfeeding27227.524.3--29.9 Bottle feeding717.35.5--8.8**NB received Pasteurized Donated Human Milk** No44444.341.1--47.4 Yes55955.752.5--58.8**NB cup fed during hospitalization** No38938.835.7--41.8 Yes61461.258.1--64.2**NB bottle fed during hospitalization** No84884.582.1--86.7 Yes15515.513.2--17.8**NB used a pacifier during hospitalization** No85685.783.0--87.4 Yes14314.312.1--16.5*NB* newborn, *MW* minimum wage (Brazilian monthly minimum wage)^a^ defined by at least one perinatal morbidity^b^ defined by at least one surgical anomaly^c^ the absence of maternity leave included diverse social conditions: no maternity leave and unemployed

Loss of follow-up by patients were caused by non-attendance at hospital discharge, in addition to failure to provide a telephone interview due to incorrect telephone numbers, participants not answering the phone or the phone being out of the coverage area, and busy telephone lines. Concerning patients who lost to follow-up, we did not identify any difference between the participants who were lost and those who remained in the study (see Additional file [2](#MOESM2){ref-type="media"} in the online appendix).

Among participants, 407 (40.6%) newborns were at risk, namely, 226 (22.5) preterm, 197 (19.6%) with low birth weight, 11 (1.1%) with genetic syndrome, and 328 (32.7%) required clinical support from the NICU. Among newborns who were born healthy, almost half (48.4%) had a potential risk at birth due to the presence of at least one gestational morbidity (Table [1](#Tab1){ref-type="table"}). The main gestational morbidities found were urinary tract infection, gestational diabetes, hypertension, pre-eclampsia, syphilis, toxoplasmosis, cytomegalovirus, placenta praevia, and placental abruption.

The prevalence of exclusive breastfeeding at hospital discharge was 65.2% (62.1--68.2) and 20.6% (16.5--25.0) in the six months of life. Out of all newborns at risk, slightly less than half were in EBF at hospital discharge. Table [2](#Tab2){ref-type="table"} shows the variables related to the mother, the child, the feeding practice and the use of artificial nipples stratified by risk. Table 2Characteristics of the infant participants stratified by risk classification, Rio de Janeiro, Brazil, 2018CharacteristicsTotal\
***n*** = 1003At-Risk Newborn^a^\
***n*** = 407Healthy Newborn\
***n*** = 596***p***-valuen%95% CIn%95% CIn%95% CI**Sex**10030.006Female48.2(45.0--51.3)17442.8(37.9--47.7)30951.8(47.7--55.9)Male51.8(48.7--55.0)23357.2(52.3--62.1)28748.2(44.1--52.3)**Multiple gestation**1003\< 0.001No85.1(82.8--87.3)29773.0(68.4--77.2)55793.5(91.2--95.3)Yes14.9(12.7--17.2)11027.0(22.8--31.6)396.5(4.7--8.8)**Perinatal morbidity**1003\< 0.001No58.4(55.3--61.5)286.9(4.6--9.8)55893.6(91.4--95.4)Yes41.6(38.5--44.7)37993.1(90.2--95.4)386.4(4.6--8.6)**Maternal age**10000.9820--34 years68.7(65.7--71.6)27968.6(63.8--73.0)40868.8(64.9--72.5)\<  20 years13.9(11.8--16.2)5613.8(10.6--17.5)8314.0(11.3--17.1)\>  35 years17.4(15.1--19.9)7217.7(14.1--21.8)10217.2(14.2--20.5)**Maternal schooling**10000.06Illiterate11.2(9.3--13.3)5112.5(9.5--16.1)6110.3(8.0--13.0)Elementary school27.1(24.4--30.0)11227.5(23.2--32.1)15926.8(23.3--30.6)Secondary school52.3(49.2--55.4)19648.2(43.2--53.1)32755.1(51.0--59.2)Higher education9.4(7.7--11.4)4811.8(8.8--15.3)467.8(5.7--10.2)**Received orientation on BF in prenatal care**10000.001Yes71.8(68.9--74.6)26966.1(61.3--70.7)44975.7(72.1--79.1)No28.2(25.4--31.1)13833.9(29.3--38.7)14424.3(20.9--27.9)**Rooming-in**999\< 0.001Yes70.8(67.8--73.6)13733.8(29.2--38.7)57096.0(94.0--97.4)No29.2(26.4--32.2)26866.2(61.3--70.8)244.0(2.6--6.0)**Skin-to-skin contact in the delivery room**997\< 0.001Yes46.5(43.4--49.7)9723.9(19.8--28.3)36762.1(58.0--66.0)No53.5(50.3--56.6)30976.1(71.7--80.2)22437.9(34.0--42.0)**Morbidity during pregnancy**10030.002No51.6(48.5--54.8)18645.7(40.8--50.7)33255.7(51.6--59.7)Yes48.4(45.2--51.5)22154.3(49.3--59.2)26444.3(40.3--48.4)**BF desire after birth**10020.63Strong desire93.0(91.3--94.5)38193.6(90.8--95.8)55192.6(90.2--94.6)Weak desire7.0(5.5--8.7)266.4(4.2--9.2)447.4(5.4--9.8)**Delivery type**1003\< 0.001Cesarean58.6(55.5--61.7)30174.0(69.4--78.2)28748.2(44.1--52.3)Transpelvian41.4(38.3--44.5)10626.0(21.8--30.6)30951.8(47.7--55.9)**Place of hospitalization of newborn**1002\< 0.001Maternal Care68.4(65.4--71.2)9022.1(18.2--26.5)595100.0 (99.4--100.0)Neonatal Intensive Care Unit31.6(28.8--34.6)31777.9(73.5--81.8)00.0(0.0--0.6)**Difficulty BF**1003\< 0.001No40.0(36.9--43.1)11327.8(23.5--32.4)28848.3(44.2--52.4)Yes60.0(56.9--63.1)29472.2(67.6--76.5)30851.7(47.6--55.8)**NB used a pacifier during hospitalization**999\< 0.001No85.7(83.4--87.8)27367.6(62.8--72.1)58398.0(96.5--99.0)Yes14.3(12.2--16.6)13132.4(27.9--37.2)122.0(1.0--3.5)**NB received Pasteurized Donated Human Milk**1003\< 0.001No44.3(41.2--47.4)7718.9(15.2--23.1)36761.6(57.5--65.5)Yes55.7(52.6--58.8)33081.1(76.9--84.8)22938.4(34.5--42.5)**NB received formula**1003\< 0.001No64.7(61.7--67.7)18345.0(40.1--49.9)46678.2(74.7--81.4)Yes35.3(32.3--38.3)22455.0(50.1--59.9)13021.8(18.6--25.3)**NB cup fed during hospitalization**10030.01No38.8(35.8--41.9)13833.9(29.3--38.7)25142.1(38.1--46.2)Yes61.2(58.1--64.2)26966.1(61.3--70.7)34557.9(53.8--61.9)**NB bottle fed during hospitalization**1003\< 0.001No84.5(82.2--86.7)25462.4(57.5--67.1)59499.7(98.8--100.0)Yes15.5(13.3--17.8)15337.6(32.9--42.5)20.3(0.0--1.2)**Exposure to a combination of four BFHI steps**1003\< 0.001Yes29.6(26.8--32.5)368.8(6.3--12.0)26143.8(39.8--47.9)No70.4(67.5--73.2)37191.2(88.0--93.7)33556.2(52.1--60.2)**Exposure to a combination of two BFHI steps**1003\< 0.001Yes53.3(50.2--56.5)10425.6(21.4--30.1)43172.3(68.5--75.9)No46.7(43.5--49.8)30374.4(69.9--78.6)16527.7(24.1--31.5)**Feeding practice at hospital discharge**983\< 0.001EBF65.2(62.1--68.2)17745.7(40.7--50.8)46477.9(74.3--81.1)EBF Cessation34.8(31.8--37.9)21054.3(49.2--59.3)13222.1(18.9--25.7)*CI* Confidence interval*BF* Breastfeeding*BFHI* Baby-Friendly Hospital Initiative*EBF* Exclusive Breastfeeding*NB* Newborn^a^At-risk infants: at least one positive characteristic: 'hospitalization in the neonatal intensive care unit', 'prematurity', 'low birth weight (\< 2500 g)', 'Apgar in the fifth minute', 'presence of one perinatal morbidity', 'presence of one surgical morbidity' and 'genetic syndrome

Virtually all newborns were exposed to a minimum of one baby-friendly practice during their hospitalization. Most of the infants did not use a pacifier and approximately half of them immediately initiated skin-to-skin contact in the postpartum period. Most women received guidance on benefits and management of breastfeeding during prenatal care at HMB. In the group where no guidance was provided, over 70% did not have prenatal care at the institute. Two-thirds of the newborns spent 24 h with their mothers (Table [2](#Tab2){ref-type="table"}).

When the four baby-friendly steps were combined, we observed 29.6% (26.8--32.5) of newborns and women who were exposed to four practices. The group of newborns exposed to the four baby-friendly steps had a higher prevalence of EBF at discharge (83.8%) in comparison to the group of newborns with combined exposure of just two steps (rooming in and prenatal breastfeeding information) (76.2%) (Table [2](#Tab2){ref-type="table"}).

The first hospital visit up to 15 days after discharge was carried out with over 50% of the families with the HMB medical and nursing staff, a practice which corresponds to the tenth step of the baby-friendly hospital initiative. Many families did not attend the first visit for financial reasons.

The graphic representation of MCA shows the characteristics related to breastfeeding and hospital practices in two dimensions. The total inertia corresponding to the two dimensions determined by the scree plot explained 75.4% of the total variability of the data. Considering the first dimension, which explains 64.8% of the variability, we observed that components that were favorable to exclusive breastfeeding are positioned in the negative value of dimension 1, while the opposite characteristics related to the cessation of exclusive breastfeeding are located in the positive values of dimension 1. The second dimension explained only 10.6% of the variability (Fig. [2](#Fig2){ref-type="fig"}). Fig. 2Multiple correspondence analysis of 964 newborns at a high-risk institution, Brazil, 2018. Note: the green color represents the supplementary variable 'maternal education' and the red color represents the supplementary variable 'risk of the newborn'. EBF: Exclusive Breastfeeding

We observed four groups in Fig. [2](#Fig2){ref-type="fig"} through the joint analysis of the two dimensions: Group A, defined by the characteristics favorable to EBF and proximity to the supplementary variable healthy newborns; Group B, defined by the cessation of EBF, absence of skin-to-skin contact immediately after delivery, use of a pacifier, separation of mother and baby for more than 12 h in the first week positioned close to the supplementary newborn risk variable; Group C was characterized by breastfeeding guidance in prenatal care near the supplementary variable 'higher maternal education'; and Group D was defined by the group that did not receive guidance on breastfeeding during pregnancy near the supplementary variable 'low maternal education'. The cluster analysis confirmed the groups found (Fig. [3](#Fig3){ref-type="fig"}). Fig. 3Dendrogram of the cluster analysis of 964 newborns at a high-risk institution, Brazil, 2018. Note: Cluster analysis of the coordinates of the multiple correspondence analysis. EBF: Exclusive Breastfeeding

Discussion {#Sec4}
==========

This study showed that hospital practices described four patterns concerning the establishment of EBF at hospital discharge in newborns from a high-risk institution. As expected, favorable hospital practices were associated with exclusive breastfeeding, while the unfavorable ones were grouped with the cessation of this feeding practice at hospital discharge. Against expectations, guidance on the benefits of breastfeeding during prenatal care was not related to the outcome at hospital discharge. Our results suggest that despite the risk or potential risk of the newborn, hospital practices influence the establishment and maintenance of breastfeeding.

Almost half of the studied newborns were considered at risk (no observational study evaluated breastfeeding in great variability in risk exposures in Brazil \[[@CR11]\]); and among healthy newborns, almost half had a potential risk at birth due to the presence of gestational morbidity. At hospital discharge, approximately half of the newborns at risk were exclusively breastfed. The cohort of infants was recruited from a referral institution for high fetal, neonatal and child risk. It should be noted that no observational study has evaluated breastfeeding in a wide range of risk exposures in Brazil, a country with a continental dimension marked by contrasts that include income distribution.

At least one baby-friendly practice was applied to virtually all newborns during their hospitalization. A positive dose-response effect concerning the number of baby-friendly practices (in which the mother and the newborn are exposed) and the proportion of newborns exclusively breastfed at hospital discharge was found. This result is similar to the recent systematic review \[[@CR26]\] on the impact of BFHI steps on the breastfeeding outcome.

The EBF rate for at-risk newborns observed in this study is higher than the rate shown in four other studies: two Brazilian studies with preterm and low birth weight (5.5 and 39%, respectively) newborns, from which the first study was carried out at IFF/FIOCRUZ \[[@CR33], [@CR34]\]; one study held in Japan (22.6%) \[[@CR35]\]; and another one in Italy (28%) (28%) \[[@CR36]\].

Brazil stands out internationally concerning the development of policies and programs to promote, protect and support breastfeeding \[[@CR5]\]. In particular, several efforts have been made over time in the studied institution. The Human Milk Bank distributes pasteurized human milk with certified quality assurance, providing specialized clinical assistance in breastfeeding and monitoring of all hospitalized newborns, besides offering educational groups for pregnant women and families during prenatal care, personalized visits for pregnant women with at-risk newborns, as well as performing the first visit after hospital discharge focused on breastfeeding. Moreover, the institution is committed to maintaining the title "child-friendly hospital", as accredited in 1999, since it has always been promoting and supporting breastfeeding.

The groups identified in the correspondence analysis showed a pattern similar to other studies in which friendly paediatric breastfeeding practices may demonstrate a positive effect on breastfeeding at hospital discharge \[[@CR19], [@CR37]\], an important condition for maintaining this practice \[[@CR38]\].

Although few infants were given pacifiers (most were high-risk newborns), ideally, no infants should have access to these accessories, according to the *United Nations Convention on the Rights of the Child (*UNICEF)/*World Health Organization* (WHO) policy \[[@CR29]\].

A prospective observational study with 1488 preterm infants revealed that minimizing the use of pacifiers during the transition to the breast, stimulating skin-to-skin contact in stable newborns and rooming-in of the newborn with the mother were associated with the early establishment of breastfeeding and assurance of better rates at hospital discharge in this specific group \[[@CR19], [@CR39]\].

Skin-to-skin contact immediately after delivery was not widely used in three thirds of at-risk infants. This result is similar to that found in another cohort of preterm infants \[[@CR19]\]. Mothers who are unable to initiate breastfeeding during the first hour after delivery should still be supported to breastfeed as soon as they are able to \[[@CR40]\].

Over a half of the newborns attended the specialized visit on breastfeeding at the HMB within 15 days of hospital discharge. This return is intended to assess possible difficulties, aiming to support and provide clinical support in breastfeeding before a team of specialists with expertise in breastfeeding at the HMB. Such hospital routine is essential to encourage the maintenance of exclusive breastfeeding, or transition from complementary to exclusive breastfeeding, with follow-up visits when necessary, as per step 10 of the baby-friendly hospital initiative.

On the other hand, substantial difficulties were found regarding some practices. Concerning the group of healthy newborns, approximately one-third were not exposed to immediate skin-to-skin contact (SSC) with their mothers after delivery. Despite its known benefits, the practice of SSC varies substantially across the world \[[@CR41]\]. About one-third of women did not receive guidance on the benefits of breastfeeding (out of these, 73% did not perform prenatal care at IFF/FIOCRUZ), a hospital practice related to prenatal care that was located close to the supplementary variable 'low maternal education' in MCA, possibly justifying the low frequency of prenatal care visits, as highlighted by studies carried out in Brazil \[[@CR42], [@CR43]\]. Among at-risk newborns, half of them received supplemental feeding at the hospital, as one-fifth of healthy newborns did. Hospital supplementation of breastfeeding infants is associated with delayed onset of lactation, suboptimal breastfeeding practices, perceived problems with breastfeeding during hospital stay, mothers' perception of insufficient milk supply and shorter exclusive breastfeeding time \[[@CR44]--[@CR46]\]. Over a half of the women were unable to stay 24 h a day with the hospitalized newborn. There is some evidence from similar studies that this practice may have an adverse effect on the establishment and maintenance of EBF \[[@CR18], [@CR19], [@CR22], [@CR35], [@CR45]\].

These findings reveal opportunities for improvement and raise a question: why practices that are repeatedly evidenced as relevant to increase breastfeeding rates are not yet established in the same proportion with high-risk groups?

We require actions to support the strengthening of institutional breastfeeding culture, regardless of the risk level of the newborn. Health professionals, in different positions, are aware of the importance of breastfeeding and the use of human milk, but practices and behavior are not always consistent with strengthening the breastfeeding culture. Such culture guides values, attitudes, perceptions, competences and behavior of health care providers with an emphasis on breastfeeding, a practice that favors early discharge, reduces re-hospitalization and morbidities after hospitalization, providing lifelong benefits for these small individuals.

A percentage of 93% women studied reported a desire to breastfeed, and 65% were on EBF at discharge. The best efforts must be made to achieve higher rates, and additional strategies must be planned and implemented in the service and practice of healthcare providers to ensure that the hospital experience can contribute to the promotion of breastfeeding, and that vulnerable and healthy newborns receive optimal feeding.

Strengths of this study include: (i) significant number of participants; (ii) significant time and frequency of follow-up; (iii) a study scenario that provides great variability of the exposures studied in the child risk context: newborn twins/triplets/quadruplets (particularly considering that mother-related factors are equivalent); newborns with congenital malformations, premature or low birth weight, a group in which there is a substantial investment of the institution and its health professionals to strengthen breastfeeding support. In general, such a distribution profile during hospitalization is not concentrated in a single institution, and it is spread at several maternity hospitals; IFF/FIOCRUZ is equipped with resources and technologies necessary for the follow-up of these children; (iv) a control and quality assurance process established in data collection; (v) a qualified data collection team; (vi) hospital record data from an educational, care and research institution; (vi) low dropout rates in research participation (\< 5% at 6 months); and (vii) high adherence to research participation (7.5% loss). The limitation may be that results obtained from the analysis with healthy children may not apply to other populations, such as non-specialized maternity hospitals. This is the first prospective study on breastfeeding conducted in Brazil with variability and representativeness of several risk categories. Subsequent publications will be made to assess the effect of determinants on the duration of breastfeeding in this context.

Conclusion {#Sec5}
==========

This study confirms the relationship between hospital practices and the establishment of breastfeeding at hospital discharge. At-risk newborns did not exclusively breastfeed to the same extent as healthy newborns at discharge. Moreover, this group did not experience friendly paediatric breastfeeding practices in the same proportion as healthy newborns, which can be an impediment to the timely initiation of breastfeeding and a failure of this feeding practice at hospital discharge.

A different approach is required for at-risk neonates, who have greater health challenges and are more vulnerable to problems associated with initiation and maintenance of breastfeeding. Health services and providers are co-responsible for the successful practice of mothers who desire to breastfeed. Therefore, hospital practices and services must be revised to ensure the success of EBF at hospital discharge, which is crucial to sustain this feeding practice for a longer time.

The many benefits evidenced continuously must mobilize a joint effort and the encouragement of breastfeeding in each action, conduct and care performed, regardless of the newborn's risk. Thus, it is necessary to embed a strong breastfeeding promotion, support, and protection culture in high-risk hospitals, reducing the morbidity of at-risk survivors at birth.
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**Additional file 1.** Summary of variables collected in the breastfeeding cohort, Brazil, 2018.
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**Additional file 2.** Comparison between 928 participants and 75 non-respondents. Rio de Janeiro, Brazil, 2018.

BFHI

:   Baby-Friendly Hospital Initiative

EBF

:   Exclusive Breastfeeding

FIOCRUZ

:   Oswaldo Cruz Foundation

HIV

:   Human Immunodeficiency Virus

HTLV

:   Human T-cell Lymphotropic Virus

HMB

:   Human Milk Bank

IFF

:   Fernandes Figueira National Institute for Women, Children and Adolescent Health

MCA

:   Multiple Correspondence Analysis

NICU

:   Neonatal Intensive Care Unit

SSC

:   Skin-to-skin contact

UNICEF

:   United Nations Convention on the Rights of the Child

WHO

:   World Health Organization
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